Brazil has a big network of energy transmission. Most of the transmission lines are located far from the urban centers and in areas of difficult access. This makes inspection and maintenance more expensive and complex. In this sense, it is important to monitor and apply technological innovations in terms of equipment (sensors, cameras), telecommunication systems and vessels, which aim at reducing costs, reducing environmental impacts and increasing reliability. This work will investigate the use of 3D modeling of a training transmission line using RGB images and data from the LiDAR sensor [6] . Both sensors are coupled in an unmanned aerial vehicle. The main objective is the detection, with high precision, of the vegetation along the right-of-way.
Introduction
In Brazil, the inspection of high voltage transmission lines has been done regularly through manned aircrafts. Aircrafts perform flights at low altitude and very close to transmission lines and in some cases, due to the geographic characteristics of the region, weather conditions and other factors, there is a great risk associated with the task -especially the risk of life. During the inspections, it is checked the conditions of the local terrain where the towers are installed because the vegetation must be maintained at a minimum distance, so that no contact occurs between the vegetation and the towers or transmission cables, thus avoiding interferences in the operation of the transmission line. The UHV (Unmanned Aerial Vehicle) technology bring potential benefits since it has the advantage of having a faster, more economical sweep with the flexibility to approach specific points and with a significant reduction of operational risks. The Airborne Laser Scanner (ALS), also known as LiDAR (Light Detection and Ranging) [2] , has been used for several decades for a variety of studies and applications related to surface representation. It has become a technology feasible for automatic acquisition of Digital Terrain Models (DTM), allowing the use of data acquired by this type of sensor to perform the complex task of automatic extraction of elements, such as transmission line structures, vegetation, roads, etc. The LiDAR system will be shipped on an unmanned aircraft and will provide data that will allow the development of a system to detect the proximity of vegetation and the need to act on the surroundings of a transmission line. The objective of this work is to present the development of a methodology and the application of data cloud treatment of points obtained through the UAV overfly with a LiDAR sensor and a camera over the right-of-way transmission line. The main focus will be the identification of some potential risk due to vegetation growth whose height may violate the minimum safety distances of the transmission line..
Right-of-way monitoring
Among the issues related to the right-of-way minimum distances are the reduction of the risks imposed by the fall of a conductor due to the possibility of soil energization, biological effects of the electromagnetic fields as well as the risk of disconnection and the damage to the power system. Clearing the right-of-way and the implementation of access roads to the transmission line should be carried out with the aim of minimizing their impact on the environment, where vegetation species protected by law need specific authorization for pruning. One of the biggest risk for a power transmission line is the contact of trees with the phase conductors. Transmission lines crossing forest areas are subject to constant accidents, in particular by the fall of branches and trees on the conductors.
These events have an impact on the maintenance services, raising the system shutdown rates. Difficulties in accessing the structures and spans of conductors limit the maintenance activities. Structures located in areas of very dense vegetation, or with very rugged relief, make the access more precarious, difficult and increase the cost of maintenance services. Figure 1 shows the right-of-way of a transmission line and the potential risk of a tree touching the transmission line. 
The LiDAR system
Briefly, LiDAR is a technique of remote sensing that emits electromagnetic waves not visible in the near infrared [3] . A laser pulse is emitted from a source and reflected on the surface of the target back to the sensor receiver. Because the exact location of the source and the travel time of the laser pulse is known, the distance to the target can be calculated by multiplying the travel time by the speed of light and dividing it by two (round trip).
As the pulse of light advances toward the ground, it will be intercepted by possible objects and reflect into the receiver [4] . This return signal will allow calculating the height and geographic position of each object found.
The LAS file
The laser scanning result (LAS) file format has become an industry standard public archive format for point cloud data such as LiDAR. This format is managed by the American Society for Photogrammetric and Remote Sensing (ASPRS). Such a binary file format is an alternative to proprietary systems or generic ASCII files used by many companies. The problem with proprietary systems is that they cannot be easily migrated from one system to another. There are two main problems with ASCII files. The first problem is its performance because reading and interpreting elevation data in an ASCII file is slower, as these files are usually very large, even for a small area of study. The second problem is that the specific information of the LIDAR data (metadata) does not compose the ASCII file, the latter being very useful for the preprocessing steps. The LAS is a non-complex binary file that holds information specific to the LiDAR data. The leading developers of photogrammetric solutions and LiDAR adopted the LAS format..
Data integration
The surveys that use LiDAR technology are able to create a large set of points on the surface with three-dimensional information and also with the information of intensity, most often referring to the wavelength of the laser in the near infrared band. It is observed that this technology is able to provide information about the vertical and horizontal structure in the surface, however it has a limitation to provide information in two dimensions. Passive remote sensors, such as RGB camera images, provide horizontal structure information, but are relatively insensitive to capture vertical parameters, especially when compared to LiDAR technology. In addition, the measured RGB spectrum depends not only on the material, but also on the sunlight at the instant the image is taken, the atmosphere and the camera used. LiDAR data integration with high spatial resolution RGB images has great application potential, addressing the inherent limitations of each sensor and improving point cloud classification. Care should be taken to the calibration between the RGB camera and the LAS.
Data pre-processing
The pre-processing phase consists of analyzing, verifying and correcting the data obtained by the LiDAR system namely, quality mode, GPS correction, coordinate system verification and projection, integration of the RGB camera images into the LiDAR data, verification of the quantity of points per square meter and removal of spurious points and noises. An example of the LiDAR data quality examination is the prior study of the area to be over flown in terms of land extent and coverage (eg, vegetation and buildings) to establish appropriate flight specifications [5] . In forest areas, a slower speed, a lower sweep angle, a higher percentage of overlap and/or a lower flight height may be required to increase the density of the point and to have more pulses penetrating the ground. As for quality, there is the selection of the appropriate mission time according to the distribution of the satellite constellation -GNSS. For example, a typical requirement is to have at least four well-distributed satellites with elevation angles above 15° throughout the survey.
Post-processing data
For this project, this stage is defined as being the treatment given in the cloud of points after the preprocessing in order to classify the points into four categories: soil, trees, transmission line and others (including civil constructions, highway, rivers, lakes, etc.) and generate the digital models that allow to apply algorithms capable of determining the risks of the proximity of the vegetation along the transmission line.
From the cloud classification of points, some products such as the digital surface model -DSM, the digital terrain model -DTM are generated. The DSM handles the details of all objects above the ground, while the DTM handles the details of only the bare surface of the terrain.
Cloud point classification
The LiDAR point classification into objects is known as a process of vision computer for understanding the scene. This process transforms the remote sensing data into information that can be used in different applications. The extraction of DTM is a basic step for most applications of LiDAR data, and therefore has been the subject of numerous studies. Thus, there are different methodologies and algorithms for the extraction of the DTM model. The first step is the generation of the normalized surface digital model (DSMn) which can be obtained by subtracting the DTM from the DSM model. The property of this model is that the z coordinate is replaced by the height value. The LASTOOLS [1] software package was used to obtain DSMn. The LASground tool is applied to the cloud of points by generating an irregular mesh that can be considered as the DSM of the region and, from this, classifies the points in "terrain" and "non-terrain". The next step is to apply the LASheight tool to calculate the height of each LiDAR point above the ground surface. This tool filters the points classified as "terrain" by the LASground, it generates the DTM of the region through a Triangular Irregular Network (TIN) formed by these "terrain" points, and calculates the elevation of each point "not ground" with respect to this TIN. The replace_z option of this tool allows the altitudes of the points to be replaced by the calculated normalized heights, thus, the resulting data are composed by the X, Y coordinates and the normalized heights of each point. The result is considered as the DSMn of the region, since it presents the "terrain" points with heights equal to zero, and the "non-terrain" points with heights equal to their own heights in relation to the terrain, normalized heights. This step aims to identify and separate the building regions from the classification of the LiDAR points through the LASclassify tool. Essentially, the tool tries to classify the high regions in edification or vegetation, by analyzing the height, planarity, and roughness of a neighborhood. The resulting data are composed by the X, Y, Z coordinates and the rank of each point. Next, the transmission line classification is performed and can be done as follows:
• Manually: by using the LiDAR point reclassification tools and visualization programs it is possible to use manual parameters of height and geographic location to select the transmission line. This method is timeconsuming and requires trained personnel in LiDAR data manipulation tools.
• Using algorithms and programs of visual computation and image processing: there are different techniques for the problem solution and point classification of the transmission line and each method has its error rate and limitation in relation to type of vegetation and transmission line analyzed. This method requires the development of algorithms for automatic classification, and adaptation is necessary for the different types of vegetation and transmission line.
• Using market-based programs for the treatment and classification of LiDAR data. In this case, the classification can be performed automatically, without the need of specialists, by simply implementing automatic execution routines to perform the classification of the points of the transmission line.
Data visualization
The data used for the analysis were obtained from LiDAR survey provided by Phoenix Aerial. The data refer to an area where there is a transmission line near an area of arboreal vegetation. The LAS file information is obtained through the LASTools program (the data processing toolkit of the LiDAR system) through the LASinfo tool. The information presented is highly important for the verification of the collected data, especially for the verification of the geographical coordinate system, density of points per square meter, number of leisure returns, version of the file format and version of the data formed, among others. The data visualization from the test file was done through the LASview tool, which allows 3D visualization and zoom, pan, tilt and translate operations. In Figure 2 , it can be seen a substation on the left side and a section of the transmission line coming out of the substation and the vegetation in its surroundings. For the treatment of the information relevant to the project the points referring to the transmission line and its rightof-way and vegetation around the right-of-way, were selected. This test file verifies the existence of the flight line parameter that is in the direction of the transmission line allowing the filtering of the points in the surroundings of the transmission line selecting only the sequence of points generated by the LiDAR system. In Figure 3 , another view of the generated image can be seen. There were two laser returns in the transmission line conductors, like in the vegetation, and a return in the structures of the towers. Figure 6 shows the point cloud of the LiDAR system with the transmission line classification.
Conclusions
The project is still under development. By the end of 2018, at least one week of tests and simulations are planned in the field making use of the UAV and the sensors: camera and LiDAR. It can be stated that the LiDAR technology for the specific application of this project still offers challenges. The cost of the LiDAR (high-precision) equipment in Brazil is still high and its importation requires more administrative activities than any other equipment. As it was shown, the developments have been made on a trial basis and much has been advanced in this research.
The project is ending with the development of a computer application that automatically identify possible risk interferences. For such a criterion, it is also pointed out to define when and what a certain point of the right-of-way should be checked and, in case of risk, the vegetation should be cut. The identification of the risky point avoids hiring a specific team that cleans all the transmission line routes. The team can only operate on critical places and on demand. Figure 7 shows the first results of the computational application that uses real LiDAR sensor data and algorithms, and it identifies, automatically, the vegetation that presents some risk to the transmission line through polygons. Still on this image, a risk criterion was created where the color indicates the level of risk: the red color indicates high risk, orange indicates average risk and the yellow, low risk but with attention. This app is still being improved and more details will be published in the next article.
